Access to information is a fundamental problem for people with vision impairment (PVI). Textual information are considerably more accessible with the use of screen readers that work on desktop and mobile devices. However, access to graphical information is still a challenging problem. There are different technologies to present graphics to PVI, but almost all of them suffer from practicality and portability. This paper describes the GraVVITAS (Graphics Viewer using Vibration Interactive Touch and Speech) framework which aims to be a complementary system for other assistive technologies; a solution that can be carried in one's pocket.
INTRODUCTION
Information that is purely textual is increasingly available in electronic format, and vision impaired people can access them using screen readers such as JAWS 1 and NVDA 2 .
Information that is presented graphically such as diagrams, tables, maps, mathematics, plots, and charts and are widely used in educational content. However, they are often virtually unavailable outside of the education system. Currently, the most practical method of presenting these graphics is to create a text description and, if necessary, a tactile graphic [2] . People can feel and understand these graphics by using their haptic and audio senses which allow them to use their spatial awareness. Tactile graphics, however, are laborious, time-consuming, and expensive to produce. They are also large and bulky. 1 www.freedomscientific.com 2 www.nvaccess.org Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. ASSETS '19, October 28-30, 2019 While textual descriptions are useful, converting graphics into text means that much information are lost and readers cannot attain their full scope and complexity. Compelling research [13, 16, 17, 18] highlights the following advantages graphics have over simple text: geometric and topological congruence, homomorphic representation, computational offloading, indexing, mental animation, macro/micro view, analogue representation, and graphical constraining. Reducing graphics to simple textual description alone forfeits these benefits. But the current alternative -tactile graphicsare neither practical nor cost-effective.
Existing technologies seeking to progress beyond the two options outlined above use fall into five categories: audioonly presentation, based either on textual description or sonification [1, 11] ; tactile overlay on a pressure/touch sensitive screens that provides audio feedback such as TTT [12] , IVEO [3] and Touchplates [10] ; haptic presentation using devices like the PHANTOM 3 , such as TeDUB [14] ; refreshable displays such as BrailleDis [19] , and presentation on a touchscreen device combining both haptic and audio feedback as the user explores the spatial layout of the graphic, such as GraVVITAS [6] or [4] .
GraVVITAS uses off-the-shelf products that are practical and scalable. It does not rely on expensive tactile graphics or overlays, but still allows the user to explore the graphic with use of both hands while preserving the superior cognitive benefits of graphics [9] .
With these properties, GraVVITAS can serve as a reference for PVI to determine the relevance of graphics. PVI can then decide to further explore the graphics on their preferred technology. Once they have a full understanding of the graphics, they can use GraVVITAS as a mnemonic tool in their pockets.
FRAMEWORK
GraVVITAS framework is a set of tools that creates a pipeline for enabling access to information. We define each component of this framework in the following sections.
Presentation Tool
GraViewer is an accessible graphics viewing application which is the core of the framework. It is based on the original GraVVITAS paper [6] and is first introduced as an ebooks viewer tool in [7] . It is now an iOS app that can present any graphics on any iOS device to PVI. As the user explores the screen with their fingers, a mixture of speech and non-speech audio allows them to hear the graphic components that are touched. It also provides haptic feedback to indicate shape boundaries. On the iPhone it uses the built-in taptic engine, and on the iPad it uses the HapticRing, a custom built device (see Figure 1 ). It has been downloaded by 531 users worldwide since March 2016, and got positive feedback for its portable and practical usage as well as feature requested such as additional graphical content.
Figure 1. GraViewer and HapticRing: Accessible Graphics Presentation Tools

Authoring Tool
GraAuthor is a web-based accessible graphics authoring tool for content creators such as transcribers, teachers, family members, and friends. It is first introduced as an ebook authoring tool in [7] (see Figure 2 ). It now allows teachers, friends or family members to quickly create any graphics suitable for display with GraViewer, as a non-proprietary annotated SVG document.
Figure 2. GraAuthor: Accessible Graphics Authoring Tool
Content Generator Tools
Although GraAuthor simplifies the accessible content generation process, it still uses a manual process. To deal with the overwhelming amount of content, we have been developing the below tools to automate content generation as much as possible. They are integrated to the GraAuthor via a plugin mechanism which requires the tools outputting SVG documents. At the moment, they are primarily used by content creators. As the accuracy of the automatic conversions increase PVI can also use them in the wild.
Graphing Calculator
GraCalc [8] is an accessible graphing calculator built on top of R [15] (see Figure 3a ). Authors simply specify a mathematical function and parameters to adjust the output.
Accessible Books
GraBook [7] provides a process for integrated delivery of both text and graphics and allows non-professionals to create accessible ebooks (see Figure 3b ).
Accessible Floor Plans
GraFloor [5] uses computer vision techniques to do automatic transcription from an image of a floor plan to an accessible version (see Figure 3c ).
Figure 3. (a) GraCalc: Accessible graphing calculator, (b) GraBook: Accessible Ebooks, (c) GraFloor: Accessible Floor Plans
CONCLUSION
We present the GraVVITAS framework which uses off-theshelf and low-cost devices to provide a portable and practical solution to information access. We are continuously extending the framework by using technologies that will reduce costs, and improve the overall efficiency, flexibility, and scalability of the framework. 
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